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Two unidentified, imperfect fungi were isolated from 3-year-old nursery seedlings of red 
pine. One, referred to as BDG-58, appears to be very similar to the E-strain fungus isolated 

y Mikola in Finland. It is light brown in culture with septate, smooth to verrucose hyphae, 
4.4-8.8 microns (x) in diameter. It produces large spherical chlamydospores, 45-100 u in 
diameter, in a peat moss - vermiculite — nutrient medium substrate used in mycorrhizal 
synthesis experiments with red pine. Chlamydospores are terminal on chains of 3-15 sup- 
porting cells. Associated with the roots, chlamydospores are more variable in form, being 
terminal and solitary, occasionally sessile, or intercalary. The intercalary may be either solitary 
or in chains. This fungus forms ectendomycorrhizae which possess a coarse Hartig net and 
coarse, heavily branched intracellular hyphae. 

The second fungus, referred to as BDD-22, is black in culture with smooth or minutely 
echinulate hyphae mostly 3 u in diameter and torulous (or moniliform) hyphae 6.6 y in diameter. 
Conidiophores and conidia are abundant in modified Hagem’s liquid medium at 6 months. 
Conidiophores are semimacronematous, solitary or branched, 20-70 u long, greenish-black 
and smooth. Conidiogenous cells are phialidic and collarettes are readily discernible. Chlamy- 
dospore-like cells are common, solitary or in chains. The fungus, tentatively identified as 
a Chloridium, forms ectendomycorrhizae which possess fine intercellular hyphae and masses 
of spherical intracellular bodies which are spore-like in appearance. 
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Deux champignons imparfaits non identifiés ont été isolés à partir de plants de pin rouge 
élevés en pépinière et âgés de 3 ans. Le premier, appelé provisoirement BDG-58, présente 
beaucoup de ressemblances avec le “E-strain,” un champignon isolé par Mikola en Finlande. 
Il est brun pâle en culture et possède des hyphes septés, lisses à verruqueux, mesurant 4.4-8.8 u 
de diamètre. Il produit de grosses chlamydospores sphériques, mesurant 45-100 u de diamètre, 
dans un milieu contenant de la tourbe de mousse, de la vermiculite et des substances nutritives, 
milieu utilisé dans des expériences de synthèse mvcorrhiziennes avec le pin rouge. Les chlamydo- 
spores sont terminales sur des chaînes de 3 à 15 cellules-supports. Lorsqu'elles sont associées 
aux racines, les chlamydospores ont une forme plus variable; elles sont alors terminales et 
solitaires, occasionnellement sessiles, ou intercalaires. Celles qui sont intercalaires peuvent être 
solitaires ou en chaînes. Ce champignon forme des teodemycorkhiers ui possedent un 
reseau de Hartig grossier et de gros hyphes intracellulaires densċment ramifiċs. 

Le deuxiċme champignon, provisoirement nommċ BDD-22, est noir en culture ei possede des 
hyphes lisses ou finement échinulés, la plupart mesurant 3 u de diamètre, et des hyphes toruleux 
(ou moniliformes) mesurant 6.6 u de diametre. Les conidiophores et les conidies sont abondants 
apres 6 mois dans le milieu de Hagem liquide modifiċ. Les conidiophores sont semi-macronċ- 
matiques, solitaires ou Tamifies; ils mesurent de 20 à 70 u de longueur et sont noir verdätre et 
lisses. Les cellules conidiogenes sont phialidiques et des collerettes sont nettement discernables. 
Des cellules ressemblant à des chlamydospores sont abondantes, solitaires ou en chaînes. Le 
champignon, identifié provisoirement comme un Chloridium, forme des ectendomycorrhizes 
qui possèdent des hyphes intercellulaires ténus et des masses de corps intracellulaires qui 
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ressemblent à des spores. 


Introduction 

Ectendomycorrhizal infections have been en- 
countered frequently in coniferous nurseries 
(Mikola 1965; Laiho 1965; Wilcox 1968). 
Characteristics of the hyphal invasion have been 
similar in all cases reported, indicating the likeli- 
hood that a single fungal species is involved. 
Mikola (1965) isolated the so-called “E-strain” 
fungus from ectendomycorrhizal infections of 
coniferous seedlings in Finnish nurseries and 


[Traduit par le journal] 


was able to synthesize ectendomycorrhizae in 
monoxenic cultures with Pinus sylvestris L. Laïho 
(1965) extended the mycorrhizal culture synthe- 
sis with the E-strain fungus to other coniferous 
species and obtained ectendomycorrhizae on 
various Pinus and Larix species. 

In the present investigation, fungi were isolated 
from nursery seedlings of Pinus resinosa Aït. 
and were tested for their ability to form ectendo- 
mycorrhizae with this species in pure culture 
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svnthesis. One of the fungal isolates, designated 
as BDG-58, produced the distinctive ectendo- 
mycorrhizae described by Wilcox (1971) for 
nursery seedlings of red pine. The characteristics 
of this ectendomycorrhiza were similar in most 
respects to those produced by the E-strain fungus 
on Pinus sylvestris. Another isolate, a black, 
imperfect fungus designated as BDD-22, was 
found to produce an ectendomycorrhiza dis- 
tinctively different in anatomical appearance 
from the one produced by BDG-58. The purpose 
of the present paper is to describe these two 
fungi and to illustrate the nature of the ectendo- 
mycorrhizae formed by each. 


Materials and Methods 


Fungi BDG-58 and BDD-22 were isolated from the 
short-roots of 3-year-old seedlings of Pinus resinosa 
according to the procedures described earlier (Wilcox and 
Ganmore-Neumann 1974). They were maintained on an 
agar-gelatin medium which was a modification of 
Mikola’s (1965) modified Hagem agar. The composition 
of this medium was as follows: KH2PO4, 0.5 g; K2HPO4, 
0.5 g; MgSO4-7H20, 0.5 g; Fe citrate, 10 mg; glucose, 
5.0 g; thymine, 50 ug; yeast extract, 100 mg; agar, 7.0 g; 
gelatin, 10g; A; supplemental micronutrients (Arnon 
1940), 1 mi; coconut milk, 50 ml; water, to make 1 liter; 
pH adjusted to 5.5. The fungal cultures were incubated on 
this medium at 20°C. Fungi were also grown in stationary 
liquid medium without aeration using the same nutrient 
composition without the agar or gelatin. Flasks of 
125 ml volume were used with 50 ml of nutrient in each. 
Monoxenic culture of mycorrhizae was performed using 
a vermiculite — peat moss substrate moistened with the 
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liquid medium as described earlier (Wilcox and Ganmore- 
Neumann 1974), 

The following presentation describes in detail the ap- 
pearance of each fungus on the gelatin-agar medium and 
indicates any variations occurring in either the liquid 
medium or the monoxenic cultures. Descriptions of 
ectendomycorrhizae are based on material from conven- 
tional root clearing and sectioning techniques. 


Observations 


Description of BDG-58 

On modified Hagem agar-gelatin medium, 
colonies (Fig. 1) are fast-spreading, attaining 
7-8 cm in diam in 3 weeks, floccose, light brown 
(Ridgwav: Dresden Brown to Buffv Brown), 
with irregular margins. Reverse side of the colonv 
is Jight brown becoming dark brown toward 
center. Hyphae are septate, hyaline to various 
shades of yellowand brown, smooth toverrucose, 
4.4-8.8 in diam (mostly 6.6 u). Chlamydo- 
spores are absent. 

Colonies in liquid medium are similar to those 
on agar-gelatin medium. 

Chlamydospores are numerous in 7-month-old 
monoxenic cultures on the peat moss — vermicu- 
lite — nutrient medium substrate (Figs. 2, 6, 7, 11) 
and upon root surfaces (Figs. 3, 10) as well as 
intercellularly and intracellularly within root 
cortices (Figs. 4, 5). Chlamydospores in the 
substrate are terminal and solitary (Figs. 2, 6), 
occasionally sessile (Fig. 7). They are spherical, 
yellow to dark brown, verrucose, 45-100 u in 


Fics. 1-5. Morphological features of fungal isolate BDG-58 from ectendomycorrhizae of 3-year-old 
nursery seedlings of Pinus resinosa. Fig. 1. Three-week-old culture on modified Hagem’s agar-gelatin medium. 
x 0.5. Fig. 2. Hyphae and chlamydospores from a peat moss- vermiculite — nutrient solution substrate 
of a 7-month-old mycorrhizal synthesis experiment on red pine. 200. Fig. 3. Chlamydospore-supporting 
hyphae and developing terminal chlamydospore arising on the surface of a red pine root. X 400. Fig. 4. 
Chlamydospore growing intercellularly in the root cortex of red pine. X 400. Fig. 5. Chlamydospore develop- 
ing intracellularly in a root cortical cell of red pine. X 400. 

Fios. 6-12. Chlamydospores in 7-month-old monoxenic cultures of BDG-58 with Pinus resinosa. Fig. 6. 
Terminal chlamydospore with long supporting hypha. X 200. Fig. 7. Sessile chlamydospore. X 400. 
Fig. 8. Single intercalarv chlamydospore. X 400. Fig. 9. Chains of intercalarv chlamvdospores from the 
cortex of a long-root. X 400. Fig. 10. Macerated cortical cell showing the attachment of chlamvdospore- 
supporting hvphae to the intracellular hvphae. X 200. Fig. 11. Large diameter chlamvdospore showing 
thick, layered wall and mode of attachment to the bulbous supporting cell. X 200. Fig. 12. Developing 


chlamydospore showingintrahyphal hypha. X 300. 


Fics. 13-29. Morphological features of fungal isolate BDD-22 from ectendomycorrhizae of 3-year-old 
nursery seedlings of Pinus resinosa. Fig. 13. Three-week-old culture on modified Hagem’s agar-gelatin 
medium. X 0.5. Figs. 14-16. Freely branched conidiophores and chlamydospores from liquid modified 
Hagem’s medium, X 500, Figs. 17-20. Chlamydospores from liquid culture. X 500. Figs. 21-26. Conidiog- 
enous cells with collarettes and conidia from liquid culture. Phase-contrast illumination, X 1000. Figs. 
27, 28. Germinating conidia at the apices of the conidiogenous cells. Phase-contrast illumination. X 1000. 


Fig. 29. Conidia, phase-contrast illumination. X 1000. 


Fics. 30-33. Macerated cortical cells of ectendomycorrhizae from a 7-month-old mycorrhizal synthesis 
experiment with Pinus resinosa: cl, chlamydospore-like intracellular structure; A, Hartig net; ih, intracellular 
hyphae. Fig. 30. Intracellular infection with BDG-58. x 850. Fig. 31. Combined intercellular and intra- 
cellular infection with BDG-58. x 530. Fig. 32. Intracellular invasion with BDD-22. X 850. Fig. 33. Com- 
bined intercellular and intracellular infection with BBD-22. x 740. 
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PLATE JI 


PLATE Ill 
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Fics. 34-35. Longisections of ectendomycorrhizae from 7-month-old synthesisfexperiments with Pinus 
resinosa: cl, chlamvdospore-like intracellular structures; e, endodermis; #4, Hartig net; ih, intracellular 
hyphae; xz, nucleus. Fig. 34. Bulbous Hartig net and coarse intracellular hiyphac of BDG-58. X 480. Fig. 35. 
Fine-meshed Hartig net and chlamydospore-like intracellular invasions of BDD-22, X 520. 
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diam (mostly 75-85 u), wall (Fig. 11) measuring 
3.3-8.8 u thick (mostly 6.6 u). Intercalary chla- 
mydospores are infrequent in the substrate but 
common in root tissues, either solitarv (Fig. 8) 
or in chains (Fig. 9). Chlamvdospore-supporting 
hyphae consist of 3-15 or more cells, 55-300 u 
in length, up to 13-24 u in width (Figs. 3, 6, 10, 
12). Intrahvphal hvphae are common, particu- 
larlv inside chlamvdospores (Fig. 12). 


Description of BDD-22 

Colonies on modified Hagem agar-gelatin 
grow at moderate rates, measuring 4-5 cm in 
diam in 3 weeks. Thev are velvetv, thin, gravish- 
black with submerged white margin (Fig. 13). 
Older colonies become brownish-black, slimv, 
furrowed with submerged black margins. Re- 
verse side of colonv is gravish-black, smooth 
when young, dark gravish-black and deeply 
furrowed when older. Hvphae are septate, mostly 
3 win diam, hyaline soon turning greenish-black 
to brownish-black. Most are smooth but some 
are minutely echinulate. Torulous (or monili- 
form) hyphae are common, 6.6 in diam. 
Conidiophores and conidia are absent. 

Conidiophores and conidia are abundant in 
modified Hagem’s liquid medium after 6 months. 
Conidiophores are semimacronematous, solitary 
or branched 20-70 u long, greenish-black and 
smooth (Figs. 14, 15, 16). Conidiogenous cells 
are integrated, phialidic, dark at their bases and 
hyaline at their apices, 10-25 u X 1.5-2.5 u. 
Collarettes are discernible in most cases, up to 
3 u wide (Figs. 21-26). Percurrent proliferating 
phialides are common; some conidiogenous cells 
are polyblastic with conidia germinating readily 
where still attaching on the apex (Figs. 27, 28, 
29 inserts). Conidia are hyaline and smooth, 
varying from cylindrical to ovoid or reniform, 
3-5 u X 1.5 u (Fig. 29). Chlamydospores are 
common, solitarv or in chains (Figs. 15-20). 
The fungus is tentativelv identified as a species 
of Chloridium. 


Appearance of Fungi in Ectendomycorrhizae 
Ectendomvcorrhizae resulting from coloniza- 
tion of short-roots of Pinus resinosa bv BDG-58 
are either monopodial or singlv and multiplv 
forked, forming occasional loose, coralloid 
structures. The fungus mantle mav be lacking or 
present and variable in thickness up to 70 u, 
smooth, and without conspicuous surface details. 
The Hartig net consists of coarse, bulbous 
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hyphae, 5-10 u in diameter, as seen in both 
transverse and longitudinal root sections (Fig. 
31). Coarse intracellular hyphae ramify the 
cortical cells (Figs. 30, 31, 32) frequently occlud- 
ing the lumina. Intracellular hyphae appear 
attracted to the cell nucleus (Fig. 34). 
Ectendomycorrhizae resulting from coloniza- 
tion of short-roots of red pine by BDD-22 
remain predominantly monopodial. A few clus- 
ters of bifurcate short-roots can be found in 
seedlings 7 months after inoculation, but the 
branches are short and obscured by tufts of 
black hyphae. The black fungus mantle is thin 
and varies from 3 to 12w in thickness. The 
surface is usually smooth but occasionally ap- 
pears tufted into small flocculent masses. The 
Hartig net varies with the age of the mycorrhiza. 
It is remarkably thin (1-3 u) when first initiated, 
and graduallv reaches a relatively massive thick- 
ness (9-15 u) at 5-7 months after inoculation 
(Figs. 32, 33, 35). These thick Hartig nets remain 
fine textured in appearance. Intracellular hyphae 
first appear as bulging protrusions from the 
Hartig net (Fig. 32). The invading hyphae appear 
to be attracted to the vicinity of the cell nucleus 
and to activelv branch around it. The proliferat- 
ing hyphae form masses of spherical structures 
which are spore-like in appearance (Figs. 33, 35). 


Discussion 

Although the fungus BDD-22 is tentatively 
identified, the identity of BDG-58 is undeter- 
mined. The large terminal chlamydospores of 
BDG-58 resemble Endogone spores with bulbous 
attachments (Mosse and Bowen 1968) but they 
are somewhat smaller and the subtending hvphae 
differ from those of the described species of 
Endogone. Also ectendomvcorrhizae caused bv 
the BDG-38 fungus are strikingly different from 
the various forms of vescicular-arbuscular 
mycorrhizae caused by endogonous species. 

Whatever the identity of the fungus BGD-58, 
it appears to closelv resemble Mikola's (1965) 
isolate E-57 althougħ he did not observe the 
abundant large chlamvdospores reported here. 
E-57 was grown in the authors' laboratorv under 
the same conditions and was also emploved in 
axenic mvcorrhizal svnthesis experiments. Both 
fungi formed verv similar chlamvdospores and 
ectendomvcorrhizae, but intercalarv chlamvdo- 
spores were more common in root tissues with 
E-57. 
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The existence of such dissimilar ectendo- 
mycorrhizae as those produced by BDG-58 and 
BDD-22 is not too surprising, since the abilitv of 
a fungus to enter a cell is dependent on enzvmatic 
and not morphological traits. The bulk of the 
ectendomvcorrhizal associations reported from 
nurseries is of the tvpe produced bv BDG-58 (or 
the E-strain of Mikola). As explained in a 
separate paper (Wilcox and Ganmore-Neumann 
1974), BDD-22 associations probably have not 
been observed in the nurserv because their inter- 
cellular hvphae are obscured bv the more con- 
spicuous E-strain fungus. The possibilitv exists 
for other unrecognized ectendomvcorrhizal spe- 
cies. 

In addition to showing that ectendomvcor- 
rhizal associations are not all due to a single 
fungus, it is also evident that other than basidio- 
mycetous fungi are involved. Although basidio- 
mycetous fungi are not precluded as ectendo- 
mvcorrhizal formers in coniferous nurseries, it 
appears that when present they predominantiv 
form ectomvcorrhizae. It is accepted (Harlev 
1969) that ectomvcorrhizae have intracellular 
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infections to varving degrees, but these are not 
a predominating feature, The question posed is 
why nursery conditions favor fungi such as 
BDG-58 and BDD-22 over the common ecto- 
mycorrhizal Basidiomycetes. 
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